Introduction
Centaurea solstitialis L. (Asteraceae: Cardueae), yellow starthistle, is an important invasive alien weed in rangelands of the western USA (Maddox and Mayfield, 1985; Sheley et al., 1999; DiTomaso et al., 2006) . Although six species of insects have been introduced to the USA for biological control of this weed, there is still interest to find additional prospective agents (Balciunas, 1998; Smith, 2004a; Pitcairn et al., 2006) . Greece and Turkey are considered to be the geographic centre of diversity of C. solstitialis (Wagenitz, 1975; Dostál, 1976) . Recent explorations carried out in Eastern Turkey revealed the presence of Larinus filiformis Petri, 1907 (Coleoptera: Curculionidae) , a weevil strictly associated with C. solstitialis (Cristofaro et al., 2002 Gültekin et al., 2006) . L. filiformis was originally described from Arax Valley (Armenia) and is included in the Lixinae subfamily (Petri, 1907; Ter-Minassian, 1967) . However, nothing is known about its biology. The goal of this work was to clarify this insect's life history, including host range, seasonal occurrence and geographic distribution in Turkey.
Methods and materials
Field surveys and observations were conducted from early spring through summer during 2003. The goals were to collect live adults for biological experiments and to observe hibernation places, initiation of adult activity in the spring, adult feeding, mating, oviposition, larval feeding and development, host plants, oviposition preference, season of occurrence of different developmental stages and to collect associated parasitoids. The principal study sites were located in Bingöl Province (from 35 km north-east of Bingöl to 15 km west of Bingöl) and in Iğdır Province, (from 6 km east of Tuzluca to 7 km east of Iğdır). Both provinces are temperate regions. The Bingöl region is characterized by Quercus forest with open areas, including abandoned fields where C. solstitialis commonly occurs. Iğdır Province contains the Aras river valley and Ağrı mountain lowland area (Iğdır Plain). The Aras valley is quite desertified and eroded and dominated mainly by semi-desert vegetation. When we found a site with at least 100 C. solstitialis plants, we searched yellow starthistle plants for signs of L. filiformis (e.g. feeding and oviposition damage and presence of adults). During 1997 to 2006, while conducting a survey of Larinus biodiversity, the lead author recorded host plant associations in eastern Turkey by examining many plants in the tribe Cardueae (Asteraceae). Mature flower heads were collected and held to rear adult insects from known host plants.
Results and discussion

Insect morphology
Adult body length is 4.5 to 6.5 mm. The body is black, the scape, funicle and tarsi are chestnut-brown, and the tibia and apex of femur are brownish-black (Figure 1 ). Golden colour hair-like scales are scattered sparsely on pronotal disc and body. Elytra are clothed with bifurcate short whitish-grey scales, which are more dense on second to fourth intervals (where the first interval is the longitudinal stripe closest to the center of the insect when wings are folded) and on the lateral margins. The rostrum is cylindrical, weakly curved, 1.0 to1.5 times as long as pronotum and is distinctly longer and more shiny in females than males (Figure 1 ). Elytra are parallel sided at the basal half and then gradually curved toward the apex.
Life history
First adult activity in the spring was recorded during the third week of May. By the end of May, most of the insects had emerged from hibernation. Early season field collections suggest that males become active earlier than females. Mating was not observed in the field until the end of May, but it continued throughout the adult life span. Adults feed on young buds, on the central growing tip of the plant and on leaves of C. solstitialis. Later in the season, they feed on the internal receptacle tissue and flower parts of immature and mature flower heads. Adults were active in the field from 19 May to 3 August 2003.
Based on our observations in the field and cage studies, three conditions were necessary to begin oviposition: temperature above 25°C, feeding for about 20 days and availability of mature C. solstitialis flower heads. In the field, oviposition was recorded from midJune to mid-July. Females chewed an ovate hole with their rostrum in the lower part of mature, rarely preflowering flower heads and laid a single egg into the receptacle tissue. The oviposition hole is then closed with a secretion. Eggs hatched in about 13 days under laboratory conditions.
In the field survey, the first larvae were found at the beginning of July in the Bingöl region (1,000 m asl). The larvae fed on receptacle tissue enlarging a niche, eventually consuming all the flower parts and receptacle. Larvae fastened together remaining flower parts and frass to form a hard cell inside the flower head. Pupation occurs inside the flower head, about 3 days after mature larvae ceased feeding. Larvae were seen from the beginning of July to mid-September. Attacked flower heads can easily be distinguished because they dried prematurely without flowering.
First adult emergence was recorded in late July in Iğdır region. The adults waited inside flower heads about 1 week before exiting from the top of the flower. New adults were recorded in the field until mid-September at the Iğdır site. Hibernation started in mid-to late Sep tember: Adults generally hide under rocks, dry plant parts or debris in groups of two to three individuals.
Geographical distribution and host plant range
L. filiformis occurs from eastern Armenia, Nakhichevan autonomous region of Azerbaijan and in Turkey, from the east border through central Anatolia and near the southern Mediterranean coast (Figure 2) . One specimen was determined from Bulgaria, which was a new record for Europe .
Three years of extensive field observations, collections and laboratory rearing, carried out by our group in Turkey, indicate that L. filiformis is monophagous on C. solstitialis.
Natural enemies
Six hymenopteran parasitoid species were reared from larval and pupal stages of L. filiformis: Bracon urinator (F.), Bracon tshitsherini Kok., Exeristes roborator F., Aprostocetus sp. and two unidentified wasp species belonging to the families Eurytomidae and Ormyridae.
Conclusions
Our results indicate that L. filiformis is closely associated with C. solstitialis in the field in eastern Turkey.
The insect was very common on C. solstitialis and was never found feeding on other nearby plants. The adults destroy many immature flower heads, and larvae destroy all the seeds within flower heads that they infest. This damage is very similar to that caused by Larinus minutus Gyll. on spotted and diffuse knapweeds, Centaurea stoebe L. and Centaurea diffusa L.; L. minutus Gyll. is a biological control agent that appears to be reducing populations of these two weeds in North America (Smith, 2004b; Seastedt et al., 2007) . Therefore, L. filiformis warrants further evaluation as a prospective biological control agent for this weed, especially if it does not interfere with the other seed head insects that are already established 2005) . tification of parasitoid wasps; Dr Boris A. Korotyaev (Zoological Institute, Russian Academy of Sciences, St. Petersburg, Russia) for years of supervision, support and training of the senior author in weevil taxonomy. The senior author was supported by grants from Collaborative Linkage Grants no. 978845 and NR-CLG-981318 of the NATO Life Science and Technology Programme; BBCA research grant and TUBITAK-TOVAG-105O038. 
